enetic divergence is the basis for any crop improvement programme. The knowledge of genetic variation existing in the germplasm is an important and essential aspect for initiating any crop breeding programme because hybrids between lines of diverse origin generally display a greater heterosis than those between closely related parents.
enetic divergence is the basis for any crop improvement programme. The knowledge of genetic variation existing in the germplasm is an important and essential aspect for initiating any crop breeding programme because hybrids between lines of diverse origin generally display a greater heterosis than those between closely related parents.
Classificatory techniques are being used to quantify the genetic divergence in a given population of cotton using cluster analysis to select some promising plants (Abd El-Baky 2006; Abd El-Sayyed et al., 2006) . As such a quantification of the degree of divergence would be of help in choosing suitable genotypes for on-going cotton breeding programme.
Metroglyph analysis is a simple technique used for preliminary grouping of accessions. With the help of this technique, breeders can easily predict genotypes which have high index scores and can fall into different clusters to be crossed giving maximum variability of good combinations of characters. Khan et al. (2007) found that metroglyph analysis and index score were a useful tool to assess genetic variability among cotton population. Likewise, Haidar et al. (2012) used metroglyph analysis to classify thirteen locally developed elite cotton genotypes and two exotic lines (Gossypium hirsutum L.) into six clusters for some qualitative and quantitative characters.
Mahalanobis's D
2 statistic provides a quantitative method to determine the divergence among the biological populations and has been applied successfully in plant species. Parresuman and Patil (2014) grouped 86 intra-hirsutum lines for 15 yield attributes and quality characters into nine clusters, using Mahalanobis D² statistic to measure the genetic divergence. The inter cluster distances were found to be greater than intra cluster distances, revealing considerable amount of genetic diversity among the studied genotypes. 
MATERIALS AND METHODS
The present investigation consisted of the selfed seeds of twenty cotton genotypes belonging to Gossypium barbadense L. Origin and pedigree of these genotypes G are shown in Table (1) . These genotypes were raised in a completely randomized block design with three replications during the growing seasons 2012 and 2013 at Sakha Experimental Station, Kafr ElSheikh, Agricultural Research Center, Egypt. Each genotype was sown in two rows of 7 m length spaced at 70 cm between rows and plants. All other normal agronomic practices were followed for growing the cotton crop. Data were subjected to the analysis of variance (Steel et al., 1997) , followed by genetic divergence was estimated by Mahalanobis D 2 statistic as described by Rao (1952) . While, the D 2 distance for inter and intra cluster between different groups using Toucher's method as outlined by Rao (1952) . The contribution of each character to total genetic divergence for the number of times that appeared first in ranking was calculated according to Singh and Chaudhary (1979) .
Metroglyph analysis using the index score method was also applied (Anderson, 1957) . A scatter diagram was plotted taking the most two variable characters, viz., seed cotton yield as ordinate (X axis) and lint percentage as abscissa (Y axis). All the other characters were represented as rays at different positions on the glyph. Each ray was represented for a particular character obtained by dividing the range of variation into three equal classes giving the grades low, medium and high for each character. The length of ray assigned to the characters was depended upon the index scores of genotype for that character (1 for low value, 2 for medium and 3 for the highest value). The glyph positions and rays were used to assess the variability pattern and correlated traits for assessment of their divergent groups. Each genotype had a special number and is represented as a glyph which is the intersection point of mean values of X and Y coordinates as described by Chandra (1977) . The index values and the position of rays and arrows for the different characters are given in Table ( 2). The number to each cluster was allotted on the basis of net index score of the cluster in ascending order.
RESULTS AND DISCUSSION
Mean values of the studied quantitative characters among twenty cotton genotypes are shown in Table ( 3). The analysis of variance using quantitative characters revealed that mean squares due to genotypes were highly significant for all the studied characters indicating exist-ence of considerable genetic divergence among these genotypes, which reflecting the genetic diverse back ground, and exhibiting their different geographical origin and pedigree (Table 4) .
Among the genotypes, genotype
Giza 86 x 10229 (G5) had the highest index score for all individual characters except fiber length and fiber strength which scored (2) for these characters (Table 3 showed that most of the all dissimilarity coefficients were significant or highly significant as described by Singh and Chaudhary (1979) . The genetic dissimilarity coefficient, the highest between Giza 90 (G6) and Pima high yield (G17) while, the lowest among Giza 70 (G10) and Giza 88 (G12) ( The contribution degree of each character towards total genetic divergence among all combinations between the twenty cotton genotypes was counted for the number of times it appeared first in ranking ( Fig. 1 and Table 6 ). This was used as a criterion for the contribution of each character to the total genetic divergence. The major contribution to the total genetic divergence showed that seed cotton yield had the highest contribution 64.211% followed by fiber strength (19.474%), accounting for about 83% of total genetic divergence. It was due to genetic dissimilarity among the genotypes for these characters.
Lint percentage and fiber length were very negligible (0.526%) to the total genetic divergence; this might be due to genetic similarity among the genotypes for these characters. These results showed that to select genetically diverse genotypes for hybridization, the material should be screened for important traits, while, the rest traits based upon the breeding programme targets (Parresuman and Patil, 2014) .
According to metroglyph analysis, the twenty cotton genotypes formed eight distinct clusters. Cluster I had the maximum number of genotypes with four, followed by clusters II, III and IV with three genotypes while clusters V, VI and VII had two genotypes, while cluster VIII has a unique genotype (Table 7) . Cluster I consisted of four genotypes; G6, G7, G8 and G18; had the highest index score of 47 as a total. While, cluster VIII had a unique genotype, G13, with the minimum index score of 13 as a total.
The scatter diagram used seed cotton yield as x-axis and lint percentage as y-axis using the values of each genotype as shown in Fig. (2) . Each axis was divided into three categories based on range of variation, low for seed cotton yield (105.5-145.904 g/plant), medium (145.904-191 .133 g/plant) and high (191.133-283.6 g/plant) . Also, lint percentage divided to low (32.389-36.621 %), medium (36.621-38.802%) and high (38.802-41.871%). These characters were selected based upon the objective of Egyptian cotton breeding programme. Parresuman and Patil (2014) noticed that in order to select genetically diverse genotypes the material should be screened for important traits, while the other traits can then be considered based upon the breeding objective. The scatter diagram grouped all the genotypes into eight clusters. The other studied characters were plotted on the scatter diagram. Each character was represented by a glyph or rayed glyph. The length of the rays indicated the mean value of the studied character. A long ray indicates a high mean value and a short ray indicates the medium mean value. A glyph having no rays represents a low mean value.
Mahalanobis D 2 measure the genetic distance between two clusters (intercluster) and within a cluster (intra-cluster) as presented in The average intra-cluster distance between the members of cluster II followed by clusters IV, V and I, suggesting that genotypes in cluster III was more diverse than genotypes in other clusters.
D 2 values proved to be effective procedure in genetic divergence for cotton breeding programme because hybridization followed by selection depending primarily on the selection of parents which having high genetic variability for different characters, will lead to accumulation of favorable genes in a selected variety (Thiyagu et al., 2011; Parresuman and Patil, 2014) .
Hybridization between clusters I or II which having the maximum index score with clusters VII or VIII possessing minimum index score is expected to maximize population variance. This information could be useful for breeders interested in creating desirable level of variability for a specific character and thus would be helpful in identifying and engineering the crosses. The metroglyph analysis would be a suitable technique for grouping genotypes into different clusters based on their genetic dissimilarity back ground. The information furnished would be helpful to the breeder in the selection of superior genotypes which may be directly improved or utilized as parents in hybridization program for the development of future varieties. Khan et al. (2007) , Shakeel1 et al. (2011) and Haidar et al. (2012) found the suitability of this technique for preliminary classification a large number of germplasm into distinct clusters depending on dissimilarity back ground. 
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